Abstract
Introduction
Dementia is a broad term for a chronic progressive neurological syndrome, of various stages and forms, that may encompass a set of symptoms related to the domains of memory, communication and language, attention, reasoning, and visual perception, It may be referred as a disease of natural importance among elderly, thus implying its relevance for all populations and geographical regions. Although dementia is important, the references to dementia in the case of Middle East and North Africa (MENA) regions have been seen to have sensational overtones, such as dementia being epidemic [1] [2] [3] or huge dementia risk looming over the region [4] [5] [6] etc. This may or may not be true but based on previous reports, we believe that such conclusions might be over-the-top since these seem to have been provided based on scant or external data [5, 7, 8] . Thus, continuing with our vision of establishing a reliable neurological research profile and international positive presence for these 2 regions, and with an objective to examine the validity of this looming risk of dementia over MENA, we performed a review of existing local data on the incidence of dementia, and any feasible analysis, for MENA. The authors are not aware of any previous efforts to evaluate the incidence of dementia in-principle for these 2 regions. Here, incidence data is most appropriate since it provides information on the risk-related aspect of dementia.
Methods
MENA is a unique less-understood less-addressed non-English speaking diverse region, (Fig. 1 ) [9] . Many of its characteristics across religious practices, dietary aspects, ethnic aspects, political interests, family and social practices, demographic aspects, etc., may have a unique impact on the epidemiology of dementia [9] [10] [11] . Besides this, several MENA countries principally speak French, which might be one of the reasons for having scant data (and perspective) on dementia from this region previously [5, 7] .
We searched published population-based incidence literature on dementia (of any kind) individually for each MENA country, published either in French, Persian, or English. The search was performed on PubMed (principal, English), Magiran, and Scientific Information Database (SID; secondary, Persian) [12] , as well as a free search on 10 pages of Google (French) each time [13] . We used dementia along with the name of each individual MENA country to obtain maximum possible titles during result. One keyword incidence was added for major countries (namely Egypt, Iran, Israel, Jordan, Saudi Arabia) to make search outcome more specific and reduce the number of unrelated titles. Earlier, it was shown that the choice of either a broad or narrow keyword has little impact on the suitability of results obtained during search [13] . All our searches were independent and had no restriction about the year or type of publication. All individual results were required to be population-based (or representative of whole general population in any other manner) and should have had basic methodological details. Those without abstract, not populationbased, experimental studies, without required estimate, addressing specific situations (or populations) or miscellaneously out-of-topics, clinical trials, case reports, ethno-cultural profiles, genetic evaluations, and samples of unrepresentative hospital/care-centers were excluded. In addition, authors were personally contacted in order to obtain references and/or full text of published abstracts. Wadi Ara was considered as Israel-Palestine.
Apart from incidence, suitable literature was free-searched on various aspects of dementia to support (or reject) possible reasons behind epidemic risk of dementia in MENA. These aspects included sociodemographic aspects (age profile, life expectancy, polygamy, fertility rate, migration, conflict, and violence), disease condition (severity of dementia vis-à-vis age), and risk factors (smoking, hypertension, diabetes, hypovitaminosis D).
Additionally, in case of insufficient incidence information for 2 other MENA countries, Egypt [14, 15] and Israel-Palestine [16, 17] , cumulative incidence was estimated by using 2 (earliest-tolatest) prevalence surveys [18] of the same nature, that is, same population and methodological details as much as feasible (Bhalla, unpubl. data) . Similar approach was adopted for Lebanon [19] . The mathematical formula used for this cumulative incidence was (and this does not take into account individual person time of observation) the following:
Cumulative incidence = (n)/(N)*100, where (n) is the number of new subjects in a specified period, and (N) is the total number of subjects (at risk) in the study population, at the beginning. [21] . This implies the following: 1. Interference with the ability to function independently in usual activities 2. Decline, from prior levels, of functioning and performance 3. Unexplained delirium and major psychiatric disorders 4. Cognitive impairment − Impaired ability to acquire and remember new information − Impaired reasoning and handling of complex tasks, and poor judgment − Impaired visuo-spatial abilities − Impaired language functions − Change in personality and behavior
Definitions
In this post-hoc analysis, the dementia was to be diagnosed (and typed) as per standard practices, that is, clinically or algorithm based but was to be individually noted, segregated, and statistically tested if available data had to allow. Individual definitions/diagnostic criteria that were used for determining the presence of dementia (of any type) was noted, wherever feasible.
Results

Overall Scope of Any Kind of Data on Dementia
Overall, 3 countries (14.2%), that is, Mauritania, Syria, and Western Sahara had no available data (of any kind) on dementia. Seven (33.3%) other countries had only a fraction of data (of any kind) on dementia: Morocco (n = 20), Iraq (n = 18), Algeria (n = 18), Kuwait (n = 18), UAE (n = 14), Bahrain (n = 4), and Yemen (n = 2). This, in other words, means that 10 countries (42.0%) may not seem to conduct dementia as their priority.
In summary, of 74 citations (and abstracts) from Magiran database, none were found to be suitable. From SID, 2 of 27 citations (and abstracts) were preliminarily kept for repeat look and rest were discarded. From PubMed, of 844 citations (and abstracts), 72 were preliminarily kept for repeat look and rest were discarded. From Google, no additional citations were obtained. Of 74 (72 from PubMed and 2 from SID), 6 were kept for deriving direct data on incidence and also on cumulative incidence, and rest were discarded (Fig. 2) .
Annual Reported Incidence and Cumulative Incidence of Dementia
As listed in Table 1 , for Israel, the annual incidence of dementia (pre-senile dementia) was found to be 2.4/100,000. Whereas, for Egypt, over a period of 20 years (1994-2014), a total of 55 new cases of dementia (of all types) had occurred and cumulative incidence was therefore estimated to be 2.7% (or 2,700 per 100,000) over 20 years' period. Similarly curred and cumulative incidence of dementia was therefore estimated to be 14.7% (or 14,700 per 100,000) over 6 years' period. For Lebanon, over a period of 20 years, cumulative incidence of dementia (of all types) was estimated to be 7.5% (or 7,500 per 100,000). No further and pooled analyses were possible.
Discussion
This work was performed to bring reliable derivations to dementia (of any kind), which we succeeded by bridging certain awareness-deficit as against previous efforts [4, 5, 8, 22] (Table 1 ). Some had [23] previously raised the issue of having unmet needs on dementia in this region but that was for Arabs in Israel, which our work also supports (Table 1) . Others had called dementia as epidemic [1] [2] [3] [4] [5] , which we have not observed anywhere through this comprehensive local work. We therefore were correct to believe that previous regional conclusions about looming risk of dementia in MENA might just be an over-assumption, as additionally shown below.
Proportion of Aged Population in the Countries
Dementia concerns aged individuals, that is, beyond 65 years of age to start with. In contrast, MENA has a youth bulge; for instance, nearly 1 in 5 people is a youth (15-24 years) in this region [24] although this is different for different countries (Table 2) . At least 75% of Egyptian population is less than 25 years of age, thus making it one of the most youthful populations in the world. This seems to support our low cumulative incidence of dementia in Egypt (Table 1) . Similar scenarios are noted in other MENA countries where only a minor fraction of their population is aged; for example, only 0.9% of the UAE population is over 65 years of age with similar pictures in Qatar, Saudi Arabia, etc. [25] . In case of Palestine, only 4.4% of the population is ≥60 years of age [26] .
Life Expectancy At-Birth and Eligibility of Being At-Risk of Dementia
Beside the risk of dementia being age specific, it rises exponentially to become substantial only beyond a certain age [27] . So, if we look at the life expectancy of individual MENA countries, some do not even reach (or remain close-by) 65 years, that is, the minimum eligibility to be called as being at-risk of dementia. For instance, 54.3 years in Western Sahara, 59 years in Iraq, 63 years in Yemen, 65 years in Egypt, 68 years in Syria, etc. This life expectancy at birth may reduce further on as an individual goes on living his/her life due to endogenous or exogenous (population or individual specific) factors, such as infections, other disease conditions, etc. This can be observed from 2 MENA countries, UAE and Qatar, where both have about 1.0% as the aged population yet the prevalence of dementia in Qatar [28] is 30.5% of that of UAE [29] . The only contrast seemed to be Israel (and Lebanon) which has the highest life expectancy (>82 years) than all other MENA countries, which is also a country with highest prevalence of dementia [30] . This may partly support our relatively higher cumulative incidence of dementia in Israel-Palestine area (i.e., Arab area), which matches the observations made by others in Israel [23, 31] . This high risk of dementia here is suggested to be genetic (due to endogamy) in origin [32] , even though endogamy is reportedly high in almost all MENA countries [33] (Table  2) . Others in Israel consider dementia as an epidemic [6] and report particular risk profile for ethnic groups [34, 35] and particular risk factors [36, 37] .
Sociodemographic Factors (Fertility, Polygamy)
Dementia-relevant demographic changes in a population can occur through fertility rates and polygamy. MENA has many-fold higher fertility rate (i.e., births per women) than almost all geographic regions except sub- Saharan Africa [38] . Some MENA countries like Iraq, Yemen, and Palestine have the highest fertility rates where >40.0% populations is actually under 15 years of age [26] , which in general contributes toward the youth bulge of MENA region. Besides this, the fertility rates are birth per women which becomes somewhat vague where polygamy (open or silent, done inside or outside of country) is accepted or promoted. Polygamy is prohibited in only one MENA country (i.e., Tunisia) and many marriage types, far more than only one type that we conventionally know, exist in MENA region [39] . Exact reliable data were difficult to generate for each country, but in Qatar, 8.4% men have polygamous marriage [40] which is 7.0% in Yemen while Sudan particularly promotes polygamous marriages [39] . In UAE, 32.0% of all national divorces are due to polygamy [41] . In Saudi Arabia, about half million men are polygamous [42] . These practices may ensure that the region remains young [43] .
Migration of Aged Population
Because of direct colonial relations of some MENA countries with Europe, particularly France, a large proportion of individuals migrate. For instance, in 2008, 1.7 million of those ≥65 years of age migrated to France, of which 61.0% belonged to Maghreb (49.0% of Algeria, 35.0% of Morocco, 16.0% of Tunisia) [44] . It is important to note that in MENA countries like Algeria or Tunisia, nationality of colonial country (i.e., France) is almost a right and a norm (Bhalla, field data). Thus, it is quite likely that population aging of MENA might also be getting buffered to some extent through such annual migrations.
Demographic Changes Due to Conflict and Violence Situations
It is often contended that the risk of dementia might be high because of demographic changes that may occur in conflict and violent situations through loss of youth and widowhood [45] . However, in contrast to popular beliefs, it is Latin America which is the most violent region in the world, followed by Africa, and not MENA region/countries [46] .
Smoking
Smoking is a definite habit in MENA, partly as part of their culture, and its rates vary by country [47] . Tobacco use is highest in Lebanon within this region. The odds of developing dementia from smoking is quite modest (1.2 times, 95% CI 1.0-1.6) in both international [48] and MENA population such as merely 1.1 (95% CI 0.5-2.3) times the risk of dementia in Iran [27] . In Qatar, the risk of dementia due to smoking does not seem to exist [49] .
Hypertension (Systolic and Diastolic)
Just like dementia, sensational references have been attributed to hypertension as well for the MENA region, for instance "blood pressure boiling in MENA" [50] . The risk of dementia due to hypertension is also somewhat modest (1.6 times, 95% CI 1.0-2.7) [51] and even lower if hypertension remains controlled [52] . A closer look at existing scant data reveals correct interpretations with this regard. For instance, in Israel-Palestine, although the odds of developing Alzheimer's from hypertension was reported to be 2.08 (95% CI 1.18-3.65), there were considerably more women in the Alzheimer group than all other control groups when female gender was reported by themselves to be a strong independent risk factor for Alzheimer [17] . Besides this, in Iran as well the risk of dementia due to hypertension remains modest (1.4 times, 95% CI 1.0-2.2) [27] . Just like elsewhere, the risk of dementia in MENA may also depend upon the type of hypertension (systolic or diastolic) and whether it is controlled or not [53] .
Diabetes (Insulin-and Non-Insulin Dependent)
Diabetes (both insulin and non-insulin dependent) has been reported to be enormously present in MENA, but in reality there are likely to be only scattered pockets of high prevalence [54, 55] . Both types of diabetes have been reported to be associated with the risk of dementia, although the odds of developing dementia remain modest again and causal-effect being not necessarily direct or independent [56] . For instance, an analysis of 28 studies showed a relative risk of dementia from insulin-dependent diabetes (IDD) of 1.7 (95% CI 1.6-1.8) which was lower for Alzheimer (1.5, 95% CI 1.4-1.7) [57] . The relative risk for vascular dementia was expectedly higher (2.2, 95% CI 1.9-2.6) but this type makes only a fraction of total dementia population.
Other reviews have reciprocated similarly low risk of dementia from IDD, globally (1.5 times, 95% CI 1.41-1.75) [58] and in MENA (1.4 times, 95% CI 1.20-1.77) [59] . It is also surprisingly noted that the risk of dementia from IDD is reported as being considerably huge yet in the same populations this risk reportedly in exist [60] . This matches somewhat to observation from Iran that shows overweight as a possible protective factor for incidence of dementia in elderly [61] . For non-IDD, there is only a small-to-modest decrease in cognitive performance [62] .
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Hypovitaminosis D and Burqa Hypovitaminosis D is another MENA relevant risk factor for dementia [63] . Varying rates of hypovitaminosis D are reported in most MENA countries although there is only insufficient population-based data to determine reliable estimates on hypovitaminosis D [64] . This dementia risk factor might be particularly relevant among MENA women because of Burqa that might limit their required natural sun exposure. Sun exposure was earlier shown by the last author to have preventive effect against certain neurological disorders [65] .
Summary of Key Findings (Primary Outcome Measures, Secondary Outcome Measures, Results as They Relate to a Prior Hypothesis)
The primary outcome measure was the incidence estimate of dementia, of any type. We were able to identify and define such estimates for 4 countries, Israel, Lebanon, Egypt, and Israel-Palestine (Table 1 ). Another such measure was to find reasons behind epidemic proportion or looming risk of dementia on MENA, against which we systematically provided 9 local evidence. Based on simple mathematical calculations (Table 1) , the number of people affected with any dementia are not expected to be of epidemic proportions: 54,637 over 20 years in Lebanon (i.e., roughly 2,731/year), or 107,145 over 20 years in Egypt (i.e., roughly 5,357/year), or 15,255 over 6 years in Israel-Palestine (i.e., roughly 2,542/year), implying roughly 10,600 incident cases/year. Could this match dementia epidemic looming over 135 million sufferers? [1] [2] [3] . We could not find data on various other outcomes such as by individual type and stage of dementia, etc.
Strengths and Limitations of the Study (Study Question, Study Design, Data Collection, Analysis, and Interpretation)
Our work had addressed the suitable question that is of relevant to all. For instance, public agencies have particularly recommended in The Declaration of Santiago on Neurological Disorders, "the need for promotion of research and education as well as publication of detailed public health assessments and development of national plans" [66] . Our work advances this recommendation for MENA region, where there is a definite need, as shown widely above. We had included surveys with standard definitions and representative designs, and data were systematically searched, collected, analyzed, and interpreted. This was done in several languages, including Persian and French, which is the official and the only language in a certain part of MENA. This might be one of the reasons for having had scant data (and perspective) on dementia from this region previously [5, 7] . So, there was a definite need that now seems to have been addressed to certain extent. We had also looked through databases and nondatabase sources that may be added representatively [13] .
The limitations of work may include that we did not search in Arabic. Our work was post-hoc, implying we had to restrict ourselves to the details and criteria used by others, and not to define or correct them upfront as new. Despite efforts, we could not find much direct data for many countries but we have provided aspects related to the risk of dementia for each of them. We did not take into account statistical influence of definition of dementias, diagnostic methods adopted, many other risk factors of dementias (including Parkinson's disease and cardiovascular conditions), rural-urban environment, refugee status, forms of dementias, quality of healthcare system difference between countries, and local social practices, etc. For instance, the healthcare system in countries such as Israel or Lebanon is better placed than other countries, or in Egypt, the patients may not come out or be found since dementia is considered as a natural phenomenon not requiring any treatment or health service. Ideally, a diagnostic assessment on dementia should include multidomain cognitive testing, disability assessment, clinical interview, and informant interview. This way only 43% of all worldwide studies (i.e., include most western developed countries) may succeed in meeting the inclusion criteria [67] . Where MENA may lie in this? Having very strict criteria is in fact not very practical and would hinder any (and all) research which is against the recommendations and scientific needs stated above.
The readers may quickly argue that dementia is underdiagnosed but this should not be a limitation to our work since we provided 9 evidence-based reasons to support the risk (i.e., incidence, not prevalence) of dementia not being the way it is often projected to be in most of MENA.
Interpretation and Implications in the Context of the Totality of Evidence
In totality, we interpret that direct local evidencebased data of dementias were insufficient to have provided regional conclusions based on them. But, as strongly shown above, plenty of other evidence-based local data is provided to question the epidemicity of dementias. To us, the only country seeming to be at clear risk of dementias would be the Arab pockets of Israel (i.e., Palestine). Despite this, in current situation, the number of people affected with any dementia is expected to be not of epidemic proportions (assumed linear distribution): 54,637 over 20 years in Lebanon, 107,145 over 20 years in Egypt, 15,255 over 6 years in Israel-Palestine (i.e., ∼10,600 incident cases/year). The research has been shown elsewhere by the first author as one of the most effective tools for bringing direct changes in local structures and stakeholders, something that needs global acceptance and local attention.
Controversies Raised by This Study
The principal objective of this work was not to raise any controversy or reduce public health significance of dementias, but to remove sensational over-tones and address those regions that have since been rejected. This is essential for a rational addressal of such complex disease conditions and advancement through participation. Similar work was performed before by the first author for dissipating erroneous conclusions and sensational impressions on epilepsy in Africa, Latin America, The Caribbean, and Asia. The only controversy that we deliberately raise is a request to ask ourselves on such prior conclusions even when local evidence-based data may state otherwise.
Future Research Directions
The future direction should be to principally determine epidemiological parameters of dementias in these silent countries. Similar works should also be jointly performed for other regions and disease conditions to provide (a) appropriate conclusions and (b) to dissipate unnecessary sensation and negativity around them. Neurological disorders have consistently been projected through their negativities (e.g., stigmatizing) instead of working through their positive image (e.g., ready solutions available). There is also a need to look toward these regions as well. Many of these countries are so wealthy and have ready healthcare delivery structures in such a manner that may easily raise representative data on any of the desired disorders.
Conclusions
According to us, dementia neither seems to be an epidemic nor is its risk looming over MENA. A possible exception in terms of Israel might exist because of high life expectancy and because of Arab pockets. Previous regional derivations seem unrealistic and do not seem to be based on the realities of this region across sociodemographic aspects, disease condition, or risk factors that we included. There is also a need to project neurological disorders through their positive image rather than through their negativity, as has always been the habit since long. Finally, values-based collaborations are invited to jointly perform field work on dementia in this region in a unique low-cost manner.
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